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UNIVERSAL ASYNCHRONOUS 
RECEIVER/TRANSMITTER 


GENERAL DESCRIPTION 

The W86C450/P is an improved specification version of the W86C250A Universal Asynchronous 
Receiver/Transmitter (UART). The improved specifications ensure compatibility with the state- 
of-the-art CPUs. Functionally, the W86C450/P is equivalent to the INS8250A of the National 
Semiconductor. The W86C450/P is fabricated using WINBOND’s CMOS process. 

The W86C450/P performs serial-to-parallel conversion an data characters received from a 
peripheral device or a MODEM, and parallel-to-serial conversion on data characters receiv- 
ed from the CPU. The CPU can read the complete status of the W86C450/P at any time during 
the functional operation. Status information reported includes the type and condition opera- 
tion. Status information reported includes the type and condition of the transfer operations being 
performed by the W86C450/P, as well as any error conditions (parity, overrun, framing, or break 
interrupt). 

The W86C450/P includes a programmable baud rate generator that is capable of dividing 
the timing reference clock input by divisors of 1 to (21*—1), and producing 16x clock for driv- 
ing the internal transmitter logic. Provisions are also included to use this 16x clock to capabili- 
ty and a processor-interrupt system. Interrupts can be programmed to the user's requiremenis, 
minimizing the computing required to handle the communications link. 


FEATURES 

e Easily interfaces to most popular characteristics: 
microprocessors. -5, 6, 7, or 8-bit characters 

e Adds or deletes standard asynchronous -Even, odd, or no-parity bit generation and 
communication bit (start, stop, and parity) detection 
to or from serial data stream. —1, 1.5 or 2-stop bit generation. 

¢ Holding and shift registers eliminate the -Baud generation (DC to 56K baud). 


need for precise synchronization between False start bit detection. 

‘the CPU and the serial data. Complete status reporting capabilities. 
Independently controlled transmit, TRI-STATE TIL drive capabilities for bidirec- 
receive, line status, and data set interrupts. tional data bus and control bus. 
Programmable baud generator allow divi- Line break generation and detection. 


sion of any input clock by 4 to (216-4) and Internal diagnostic capabilities: 


e e 
e e e 


generates the internal 16x clock. -Loopback controls for communications 
¢ Independent receiver clock input. link fault isolation. 
¢ MODEM control functions (CTS, RTS, DSR, -Break, parity, overrun, framing error 
DTR, RI, and DCD). simulation. 
e Fully” programmable serial-interface ¢ Fully prioritized interrupt system controls. 
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PIN CONFIGURATION 
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PIN DESCRIPTIONS 


The foilowing describes the function of all the A. INPUT SIGNALS 

W86C450/P (UART) pins. Some of these Chip Select (CSO, CS4, CS2), Pins 12~414 
descriptions reference internal circuits. In the (P14 ~16)*: When CSO and CS1 are high and 
following descriptions, a low represents a C82 is low, the chip is selected. This enables 
logic 0 (OV nominal) and a high represents 

logic 1 (+2.4V nominal). 


*Pn means the nth pin of W86C450P, n=1 ~ 44. 2 
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communication between the UART and the 
CPU. The positive edge of an active Address 
Strobe signal latches the decoded chip 
select signals, completing chip selection. If 
ADS is always low, valid chip selects should 
stabilize according to the Tcsw parameter. 


Read (RD, RD), Pins22 and 24 (P25,24)*: When 
RD is high or RD is low while the chip is 
selected, the CPU can read status informa- 
tion or data from the selecied UART register. 


Write (WR, WR), Pins 149 and 18 (P24,20)*: 
When WR is high or WR is low while the chip is 
selected. the CPU can write control words or 
data into the selected UART register. 


Address Strobe (ADS), Pin 25 (P28)*: The 
positive edge of an active Address Strobe 
(ADS), signal latches the Register Select (AO, 
A‘, A2) and Chip Select (CSO, CS1, CS2) 
signals. 


Notes: 

4. Only an active RD or RD input is required to 
transfer data from the UART during a read opera- 
tion. Therefore, tie either the RD input per- 
manently low or the RD input permanently high, 
when it is not used. 

_ Only an active WR or WR input is required to 
transfer data to the UART duning a write opera- 
tion. Therefore, tie either the WR input per- 


be) 


manently low or the WR input permanently high, 
when it is not used. 

3. An active ADS input is required when the 
Register Select (AO, A1, A2) signals are not stable 
for the duration of a read or wite operation. If 
not required, tie the ADS input permanently low. 


“Pn means fhe nih pin of W86C450P, n= 4-44-00 ee 
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Register Select (AO, A1, A2), Pins 26~28 
(P34 ~29)}*: Address signals connected to 
these 3 inputs select a UART register for the 
CPU to read from or write to during data 
transfer. A table of registers and their ad- 
dresses is shown below. Note that the state 
of the Divisor Latch Access Bit (DLAB), which 
is the most significant bit of the Line Contro! 
Register, affects the selection of certain UART 
registers. The DLAB must be set high by the 
system software to access the Baud 
Generator Divisor Latches. 


Receiver Clock (RCLK), Pin 9 (P10)*: This in- 
puts is the 16xbaudrate clock for the 
receiver section of the chip. 


Serial Input (SIN), Pin 10 (P44)*: Serial data in- 
put from the communications link (peripheral 
device, MODEM, or data set). 


Clear Send (CTS), Pin 36 (P40)*: When low, this 
indicates that the MODEM or data set is 
ready to exchange data. The CTS signal is a 
MODEM status input whose conditions can 
be tested by the CPU reading bit 4 (CTS) of 
the MODEM Status Register. Bit 4 is the com- 
plement of the CTS signal. Bit 0 (DCTS) of the 
MODEM Status Register indicates whether the 
CIS input has changed state since the 
previous reading of the MODEM Status 
Register. CTS has no effect on the Transmitter. 
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Register Addresses 


REGISTER 


Receiver Buffer (read). 
Transmitter Holding 
Register (write) 


Interrupt Enabie 
interrupt Identification (read only) 
Line Control 


MODEM Control 
Line Status 
MODEM Status 


Note: 


Scratch 
Divisor Latch (least significant byte) 
Divisor Latch (most significant byte) 


Whenever the CTS bit of the MODEM Status Register changes state, an interrupt is generated if the MODEM 


MODEM Status Interrupt is enabied. 


Master Reset (MR), Pin 35 (P39) *: When this in- 
put is high, it clears all the registers (except 
the Receiver Buffer, Transmitter Holding, and 
Divisor Latches}, and the control logic of the 
UART. The states of various output signals 


Table 1. UART Reset Functions 


REGISTER/ SIGNAL 
interrupt Enable Register 


(SOUT, INTR, CUT 1, OUT 2, RTS, DTR) are af- 
fected by an active MR input. (Refer to Table 
41.) This input is buffered with a TIL-compatible 
Schmitt Trigger with 0.5V typical hysteresis. 


RESET CONTROL 
Master Reset 


RESET STATE 
O0000000 (Note 14) 


Interrupt Identification Register 


Master Reset QOOO000001 


Line Control Register 


Master Reset 00000000 


MODEM Conirol Register 


Master Reset 


a 


OOO00000 


Line Status Register 


MODEM Status Register 


SOUT 

INTR (RCVR Errs) 

INTR (RCVR Data Ready) 

INTR (THRE) 

INTR (Modem Status Changes) 


Master Reset 


Masier Reset 


01100000 


XXXX0000 (Note 2) 


High 


Read IIR/Write THR/MR 


Read LSR/MR 
Read RBR/MR 


Read MSR/MR 
Master Reset 


"Pn means the nth pin of W86C450P, n=1 ~ 44. 


Master Reset 


Master Reset 


Master Reset 
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Notes: 


1. O bits are permanently low. 
2. Bits 7-4 are driven by the input signals. 


Data Set Ready (DSR), Pin 37 (P44)*: When 
low, this indicates that the MODEM or data 
set is ready to establish the communications 
link with the UART. The DSR signal is a MODEM 
status input whose condition can be tested 
by the CPU reading bit 5 (DSR) of the MODEM 
Status Register. Bit 5 is the complement of the 
DSR signal. Bit 4 (DDSR)} of the MODEM Status 
Register indicates whether the DSR input has 
changed state since the previous reading of 
the MODEM States Register. 


Data Carrier Detect (DCD) Pin 38 (P42)*: 
When low, indicates that the data carrier has 
been detected by the MODEM or data set. 
The DCD signal is a MODEM status input 
whose condition can be tested by the CPU 
reading bit 7 (DCD) of the MODEM Status 
Register. Bit 7 is the complement of the DCD 
signal. Bit 3 (DDCD) of the MODEM Status 
Register indicates whether the DCD input has 
changed state since the previous reading of 
the MODEM Status Register. DCD has no ef- 
fect on the receiver. 


Ring Indicator (RI), Pin 39 (P43)*: When low, 
this indicates that a telephone ringing signal 
has been received by the MODEM or data 
set. The RI signal is a MODEM status input 
whose condition can be tested by the CPU 
reading bit 6(RI) of the MODEM Status 
Register. Bit 6 is the complement of the RI 
signal. Bit 2 (TERI) of the MODEM Status 
Register indicates whether the RI input signal 
has changed from a low to a high state since 
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the previous reading of the MODEM Status 


Register. 
Notes: 


4. Whenever The DSR bit of the MODEM Status 
Register changes state, an interrupt is generated 
if the MODEM Status Interrupt is enabied. 

2. Whenever the DCD bit of the MODEM Status 
Register changes state, an interrupt is generated 
if the MODEM Status Interrupt is enabijed. 

3. Whenever the RI bit of the MODEM Status Register 
changes from a high to a low state, an interrupt 
is generated if the MODEM Status interrupt is 
enabled. 

Vpp. Pin 40 (P44): +5V supply. 
Vsg, Pin 20 (P22): Ground (OV) reference. 


B. OUTPUT SIGNALS 

Data Terminal Ready (DTR), Pin 33 (P37)*: 
When low, this informs the MODEM or data set 
that the UART is ready to establish a com- 
munications link. The DTR output signal can 
be set fo an active low by programming bit 
0 (DTR) of the MODEM Control Register to a 
high level. A Master Reset operation sets this 
signal to its inactive (high) state. Loop mode 
operation holds this signal in its inactive 
state. 


Request to Send (RTS), Pin 32 (P36)*: When 
low, this informs the MODEM or data set that 
the UART is ready to exchange data. The RTS 
output signal can be set to an active low by 
programming bit 41 (RTS) of the MODEM 
Control Register. A Master Reset operation 
sets this signal to its inactive (high) state. Loop 
mode operation holds this signal in its inac- 
tive state. 
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Output 4 (OUT4), Pin 34 (P38)*: This user- 
designated output can be set to an active 
tow by programming bit 2 (OUT 1) of the 
MODEM Control Register to a high level. A 
Master Reset operation sets this signal to its 
inactive (high) state. Loop mode operation 
holds this signal in its inactive state. 


Output 2 (OUT 2), Pin 34 (P35)*: This user- 
designated output can be set to an active 
low, by programming bit 3 (OUT 2) of the 
MODEM Control Register to a high level. A 
Master Reset operation sets this signal to its 
inactive (high) state. Loop mode operation 
holds this signal in its inactive state. 


Chip Select Out (CSOUN), Pin 24 (P27)*: When 
high, it indicates that the chip has been 
selected by active, CSO, CS1, and CS2 inputs. 
No data transfer can be initiated until the 
CSOUT signal is a logic 1. CSOUT goes low 
when the UART is deslected. 


Driver Disable (DDIS), Pin 23 (P26)*: This goes 
low whenever the CPU is reading data from 
the UART. It can disable or contro! the direc- 
tion at a data bus transceiver between the 
CPU and the UART (see Typical interface for 
a high Capacity Data Bus). 


Baud Out (BAUDOUT), Pin 45 (P47)*: This is the 
16 x clock signal from the transmitter section 
of the UART. The clock rate is equal to the 
main reference oscillator frequency divided 
by the specified divisor in the Baud 
Generator Divisor Latches. The BAUDOUT may 


also be used for the receiver section by ty- 
ing this output to the RCLK input of the chip. 


Interrupt (INTR), Pin 30 (P33)*: This goes high 
whenever any one of the following interrupt 
types has an active high condition and is 
enabled via the IER: Receiver Line Status; 
Received Data Available; Trans-mitter 
Holding Register Empty; and MODEM Status. 
The INTR signal is reset low upon the ap- 
propriate interrupt service or a Master Reset 
operation. 


Serial Output (SOUT), Pin 14 (P413)*: This is the 
composite serial data output to the com- 
munications link (peripheral, MODEM or data 
set). The SOUT signal is set to the Marking 
(logic 1) state upon a Master Reset operation 
or when the transmitter is idle. 


C. INPUT/OUTPUT SIGNALS 

Data (D7-DO) Bus, Pins 4 ~ 8 (P2 ~ 9)": This bus 
is comprised of eight TRI-STATE input/output 
lines. The bus provides bidirectional com- 
munications between the UART and the CPU. 
Data, control words, and status information 
are transferred via the D7-D0 Data Bus. 


External Clock Input/Output (XIN, XOUT) Pins 
16 and 17 (P48, 19)": These two pins connect 
the main timing reference (crystal or signal 
clock) to the UART. When a crystal oscillator 
or a clock signal is provided, it drives the 
UART via XIN (see typical oscillator network 
illustration). 
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(for W86C450P) 
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REGISTERS 

The system programmer may access any of 
the UART registers summarized in Table 2 via 
the CPU. These registers controt UART opera- 


Tabie 2. Summary of Registers 
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tions including transmissions and reception 
of data. Each register bit in Table 2 has its 
name and reset state shown. 


REGISTER ADDRESS 


0 DLAB=0} O DLAB=0 4 DLAB=0 


5 


INTERRUPT 
IDENT, 
REGISTER 
(READ 


BIT | RECEIVER | TRANSMITTER 
BUFFER HOLDING 
REGISTER | REGISTER 
(READ (WRITE 
ONLY) ONLY) 


INTERRUPT 
ENABLE 
REGISTER 


Data Bit 0} Data Bit 0 
{Note 4) 


Received 
Data 
Available 


1 |Data Bit 1] Data Bit 1 Transmitter 
Holding 
Register 


Daba Bit 2} Data Bit 2 Receiver 
Line Status 


Data Bit 4] Data Bit 4 


Interrupt 
Pending 


Interrupt 


Bit (1) (STB) 


Number of 
Stop Bits 


DIVISON 
LATCH 


LINE 
STATUS 
REGISTER 


STATUS 
REGISTER 


Terminal 
Ready 
(OTR) 


Request Overrun 
to Send Error 
(RTS) (OE) 


Parity 
Error 


Trailing Bit 2 Bit 2 
Edge Ring 
Indicator 
Framing Bit 3 Bit 3 
Etror 
(FE) Cartier 
Detect 


(DDCD) 


Break 
Inierrupt 
(BI) 


Data Bit 5] Dato Bit 5 


Transmitter 
Holding 
Register 

(THRE) 


Divisor 
Latch 
Access 
Bit 
(DLAB) 


Transmitter 
Empty Indicator 
(TEMT) (Ri) 


0 Data 
Carrier 
Detect 

(DCD) 


Note 1: Bit 0 is the least significant bit. It is the first bit serially transmitted or received. 


A. LINE CONTROL REGISTER 

The system programmer specifies the format 
of the asynchronous data communications 
exchange and sets the Divisor Latch Access 
bit via the Line Control Register (LCR). The pro- 


grammer can also read the contents of the 
Line Control Register. The read capability 
simplifies system programming and 
eliminates the need for separate storage in 
sysiem memory of the line characteristics. 
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Table 2 shows the contents of the LCR. Details 
on each bit are as follows: 


Bit O and 1: These two bits specify the number 
of bits in each transmitted or received serial 
character. The encoding of bits 0 and 1 is as 
follows: 


ee ae eee 
ae aaa eae 


4 8 Bits 


Bit 2: This bit specifies the number of Stop bits 
transmitted and received in each serial 
character. If bit 2 is a logic 0, one Stop bit is 
generated or checked in the transmitted 
data. If bit 2 is a logic 1 when a 5-bit word 
length is selected via bits OQ and 1, one and 
a half Stop bits are generated. If bit 2 is a 
logic 1 when either a 6-, 7- or 8-bit word 
length is selected, two Stop bits are 
generated. The Receiver checks the first Stop- 
bit only, regardless of the number of Stop bits 
selected. 


Bit 3: This bit is the Parity Enable bit. When bit 
3 is a logic 1, a Parity bit is generated 
(transmit data) or checked {receive data) 
between the last data word bit and Stop bit 
of the serial data. (The Parity bit is used to pro- 
duce an even or odd number of 1s when the 
data word bits and the Parity bit are 
summed.) 


Bit 4: This bit is the Even Parity Selected bit. 
When bit 3 is a logic 1 and bit 4 is a logic 0, 
an odd number of logic 1s is transmitted or 
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checked in the data word bits and Parity bit. 
When bit 3 is a logic 1 and bit 4 is a logic 4, 
an even number of logic ‘1s is transmitted or 
checked. 


Bit 5: This bit is the Stick Parity bit. When bits 
3,4and 5 are logic 1 the Parity bit is transmit- 
ted and checked as a logic 0. If bits 3 and 
5 are 1 and bit 4 is a logic 0 then the Parity 
bit is transmitted and checked as a logic 14. 
If bit 5 is a logic 0, Stick Parity is disabled. 


Bit 6: This bit is the Break Control bit. It causes 
a break condition to be transmitted by the 
UART. When it is set to a logic 4, the serial out- 
put (SOUT) is forced to the Spacing {logic 0) 
state. The break is disabled by clearing bit 
6 to a logic 0. The Break Control bit acts only 
on SOUT and has no effect on the transmitter 
logic. 


Note: 

This feature enables the CPU to alert a terminal in 
a computer communications system. If the follow- 
ing squence is used, no erroneous or extraneous 
characters will be transmitted because of the 
break. 


4. Load an all 0s, pad character, in response 
the THRE. 

2. Set break after the next THRE. 

3. Wait for the transmitter to be idle, (TEMT = 1), 
and clear break when normal transmission 
has to be restored. 

Duning the break, the Transmitter can be us- 
ed as a character timer to accurately 
establish the break duration. 
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Bit 7: This bit is the Divisor Latch Access Bit set low (logic 0) to access the Receiver Buf- 
(DLAB). It must be set high (logic 1) to access fer, the Transmitter Holding Register, or the In- 
the Divisor Latches of the Baud Generator terrupt Enable Register. 


during a Read or Write operation. It must be 


B. TYPICAL CLOCK CIRCUITS 


OSC. CLOCK TO 
BAUD GEN LOGIC 


DRIVER 
EXTERNAL | 
CLOCK f 
OPTIONAL 
DRIVER OSC. CLOCK TO 
OPTIONAL BAUD GEN LOGIC 
CLOCK 
OUTPUT XOuT 
Typical Oscillator Networks 
crystal | Re] || 


1.8 - 3.4 MHz 10-30 pF | 40 - 60 pF 


=, Winbond 


C. PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud 
Generator that is capable of taking any 
clock input from DC to 3.1 MHz and dividing 
it by any divisor from 4 to 21® —4, The output 
frequency of the Baud Generator is 16 x th 
Baud [divisor* = (frequency input) + (baud 
rate x 16}]. Two 8-bit latches store the divisor 
in a 16-bit binary format. These Divisor Lat- 
ches must be loaded during initialization in 
order to ensure proper operation of the Baud 
Generator. Upon loading either of the Divisor 
Latches, a 16-bit Baud counter is immediate- 
ly loaded. 

Table 3 provide decimal divisors to use with 
crystal frequencies of 1.8432 MHz and 


3.072MHz respectively for common baud 
rates. For baud rates of 38400 and below, the 
error obtained is minimal. The accuracy of 
the desired baud rate is dependent on the 
crystal frequency chosen. Using a division of 
0 is not recommended. 


Note: 

The maximum operating frequency of the Baud 
Generator is 3.4 MHz. However, when using divisors 
of 3 and below, the maximum frequency is equal 
to the divisor in MHz. For example, if the divisor is 
4, then the maximum frequency is 4 MHz. In no case 
should the data rate be greater than 56k Baud. 


Table 3. Baud Rates Using 1.8432 MHz Crystal and 3.072 MHz Crystal 


DESIRED BAUD RATE 


DECIMAL DIVISOR USED 
TO GENERATE 
46 x CLOCK 


PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 


oop 
1.8432M 


4.8432M 3.72M 


2304 
1536 
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D. LINE STATUS REGISTER 

This 8-bit register provides status information 
to the CPU concerning the data transfer. 
Table 2 shows the contents of the Line Status 
Register. Details on each bit are as follows: 


Bit 0: This bit is the receiver Data Ready (DR) 
indicator. Bit 0 is set fo a logic 1 whenever 
a complete incoming character has been 
received and transferred into the Receiver 
Buffer Register. Bit 0 is reset to a logic 0 by 
reading the data in the Receiver Buffer 
Register. 


Bit 4: This bit is the Overrun Error (OE) indicator. 
Bit 1 indicates that data in the Receiver Buf- 
fer Register was not read by the CPU before 
the next character was transferred into the 
Receiver Buffer Register, thereby destroying 
the previous character. The OE indicator is 
set to a logic 1 upon detection of an over- 
run condition and reset whenever the CPU 
reads the contents of the Line Status Register. 


Bit 2: This bit is the Parity Error (PE) indicator. 
Bit 2 indicates that the received data 
character does nof have the correct even or 
odd parity, as selected by the even-parity- 
select bit. The PE bit is set to a logic 1 upon 
detection of a parity error and is reset toa 
logic 0 whenever the CPU reads the contents 
of the Line Status Register. 


Bit 3: This bit is the Framing Error (FE) indicator. 
Bit 3 indicates that the received character 
did not have a valid Stop bit. Bit3 is settoa 
logic 1 whenever the Siop bit following the 
last data bit or parity bit is a logic 0 (Spac- 
ing level). The FE indicator is reset whenever 
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the CPU reads the contens of the Line Status 
Register. The UART will try to resynchronize 
after a framing error. To do this it assumes 
that the framing error was due fo the next 
start bit, so it samples this “start” bit twice and 
then takes in the “data”. 


Bit 4: This bit is the Break Interrupt (BI) in- 
dicator. Bit 4 is set to a logic 1 whwnever the 
received data input is held in the Spacing 
(logic 0) state for longer than a full word 
transmission time (that is, the total time of Start 
bit + data bits + Parity + Stop bits). The Bl 
indicator is reset whenever the CPU reads the 
contents of the Line Status Register. Restarting 
after a break is received, requires the SIN pin 
to be logical 4 for at least 1/2 bit time. 


Note: 

Bits 1 through 4 are the error conditions that pro- 
duce a Receiver Line Status interrupt whenever 
any of the corresponding conditions are detected 
and the interrupt is enabled. 


Bit 5: This bit is the Transmitter Holding 
Register Empty (THRE) indicator. Bit 5 indicates 
that the UART is ready to accept a new 
character for transmission. In addition, this bit 
causes the UART to issue an interrupt fo the 
CPU when the Transmit Holding Register Emp- 
ty Interrupt enable is set high. The THRE bit is 
set to a logic 1 when a character is transfer- 
red from the Transmitter Holding Register in- 
to the Transmiter Shift Register. The bit is reset 
to logic 0 whenever the CPU loads the 
Transmitter Holding Register. 
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Bit 6: This bit is the Transmitter Empty (TEMT) in- 
dicator. Bit 6 is set to a logic 1 whenever the 
Transmitter Holding Register (THR} and the 
Transmitter Shift Register (TSR) are both emp- 
ty. Itis reset to a logic 0 whenever either the 
THR or TSR contains a data character. 


Bit 7: This bit is permanently set to logic 0. 


Note: 

The Line Status Register is intended for read opera- 
tions only. Writing to this register is not recommend- 
ed as this operation is only used for factory testing. 


E. INTERRUPT IDENTIFICATION REGISTER (IIR) 

In order to provide minimum software 
overhead during data character transfers, 
the UART prioritizes interrupts into four levels 
and records these in the Interrupt Identifica- 
tion Register. Tne four levels of interrupt con- 
ditions in order of priority are Receiver Line 
Status; Received Data Ready; Transmitter 
Holding Register Empty; and MODEM Status. 


Table 4. Interrupt Control Functions 


Priority 
Level 


When the CPU accesses the IIR, the UART 
freezes all interrupts and indicates the 
highest priority pending interrupt to the CPU. 
While this CPU access is occurring, the UART 
records new interrupts, but does not change 
its current indication until the access is com- 
pleted. Table 2 shows the contents of the IIR. 
Details on each bit are as follows: 


Bit 0: This bit can be used in an interrupt en- 
vironment to indicate whether an interrupt 
condition is pending. When bit 0 is a logic 
0, an interrupt is pending and the IIR contents 
may be used as a pointer to the appropriate 
interrupt service routine. When bit 0 is a logic 
1, no interrupt is pending. 


Bit 4 and 2: These two bits of the IIR are used 
to identify the highest priority interrupt pen- 
ding as indicated in Talbe 4. 


Bit 3 through 7: These five bits of the IIR are 
always logic 0. 


INTERRUPT SET AND RESET FUNCTIONS 


interrupt 


interrupt Reset 
Control 


Interrupt 
Source 


(a eC = ee 


Line 
Status 


Highest 


Receiver . 


SR a eR 
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Overrun Error or 
Parity Error or 
Framing Error or 
Break Interrupt 


Reading the Line 
Status Register 
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|e |e | scone 
Register 


4 0 Third 
Empty 
MODEM 
ele | “ 


F. INTERRUPT ENABLE REGISTER 

This register enables the four types of UART 
interrupts. Each interrupt can individually ac- 
tivate the interrupt (INTR} output signal. It is 
possible to totally disable the interrupt system 
by resetting bits 0 through 3 of the Interrupt 
Enable Register (IER). Similarly, setting bits of 
this register to a logic 1, enables the selected 
interrupi(s). Disabling an interrupt prevents it 
from being indicated as active in the IIR and 
from activating the INTR output signal. All 
other system functions operate in their nor- 
mai manner, including the setting of the Line 
Status and MODEM Status Registers. Table 2 
shows the contents of the IER. Details on each 
bit are as follows: 


Receiver 
Data 
Available 


Transmitter 
Holding 


Bit 0: This bit enables the Received Data 
Available Interrupt when set to logic 4. 


Bit 4: This bit enables the Transmitter Holding 
Register Empty Interrupt when set to logic 1. 
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INTERRUPT SET AND FUNCTIONS 


Data Set Ready or Reading the 
Ring Indicator or MODEM 
. Status 
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Reading the 
Receiver Buffer 
Register 


Reading the IIR 
Register (if source of 


Receiver Data 
Available 


Transmitter 


Holding interrupt) or auxiliary 
Register Writing into the 
Empty Transmitter 


Holding Register 


Clear to Send or 


Data Carrier 


Helect Register 


Bit 2: This bit enables the receiver Line Status 
Interrupt when set to logic 4. 


Bit 3: This bit enables the MODEM Status In- 
terrupt when set to logic 4. 


Bit 4 through 7: These four bits are always 
logic 0. 


G. MODEM CONTROL REGISTER 

This register controls the interface with the 
MODEM or data set (or a peripheral device 
emulating a MODEM). The contents of the 
MODEM Control Register (MCR) are indicated 
in Table 2 and are described below. Table 
2 shows the contents of the MCR. Details on 
each bit are as follows: 


Bit 0: This bit controls the Data Terminal Ready 
(DTR) output. When bit 0 is set to a logic 41, the 
DTR output is forced fo a logic 0. When bit 0 
is reset to a logic 0, the DTR output is forced 
to a logic 14. 
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Note: 

The DIR output of the UART may be applied to an 
EIA inverting line driver (such as the DS1488) to ob- 
tain the proper polarity input at the succeeding 
MODEM or data set. 


Bit 4: This bit controls the Request to Send (RTS) 
output bit 4 affects the RTS output in a man- 
ner identical to that described above for bit 
0. 


Bit 2: This bit controls the Output 41 (OUT 1) 
signal, which is an auxiliary used-designated 
output. Bit 2 affects the OUT 1 output in a man- 
ner identical to that described above for bit 
0. 


Bit 3: This bit controls the Output 2 (OUT 2) 
signal, which is an auxiliary user-designated 
output. Bit 3 affects the OUT 2 output in a man- 
ner identical to that described above for bit 
0. 


Bit 4: This bit provides a loca! loopback 
feature for diagnostic testing of the UART. 
When bit 4 is set to logic 1, the following oc- 
cur. The transmitter Serial Output (SOUT) is set 
to the Marking (logic 1) state; the receiver 
Serial Input (SIN) is disconnected; the output 
of the Transmitter Shift Register is ‘looped 
back”’ into the Receiver Shift Register input; 
the four MODEM Control! inputs (CTS, DSR, RI, 
and DCD) are disconnected; and the four 
MODEM Control outputs (DTR, RTS, OUT 1, and 
OUT 2 are internally connected to the four 
MODEM Control inputs. The MODEM Control 
output pins are forced to their inactive state 
(high). In the diagnostic mode, data that is 
transmitted is immediately received. This 


ENT LEER SEBO CS SEER EERE OIE LAD 


SE ROE ARS NR a A NEE 


feature allows the processor to verify the 
transmit-and-received-data paths of the 
UART. 


In the diagnostic mode, the receiver and 
transmitter interrupts are fully operational. 
The MODEM Control Register instead of the 
four MODEM Control inputs. The interrupts are 
still controlled by the Interrupt Enable 
Register. 


Bits 5 through 7: These bits are permanently 
set to logic 0. 


H. MODEM STATUS REGISTER 

This register provides the current state of the 
control lines from the MODEM (or peripheral 
device) fo the CPU. In addition to this current- 
state information, four bits of the MODEM 
Status Register provide change information. 
These bits are set to a logic 1 whenever a 
control input from the MODEM changes state. 
They are reset to logic 0 whenever tne CPU 
reads the MODEM Status Register. 


Table 2 shows the contents of the MSR. Details 
on each bit are as follows: 


Bit 0: This bit is the Delta Clear to Send (DCTS) 
indicator. Bit 0 indicates that the CTS input 
to the chip has changed state since the last 
time it was read by the CPU. 


Bit 4: This bit is the Delta Data Set Ready 
(DDSR) indicator. Bit 1 indicates that the DSR 
input to the chip has changed state since the 
last time it was read by the CPU. 


Bit 2: This bit is the Trailing Edge of Ring in- 
dicator (TER!) detector. Bit 2 indicates that the 
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Ri input to the chip has changed from a low set to a 4, this bit is equivalent to DTR in the 
to a high state. MCR. 


Bit 6: This bit is the complement of the Ring 
Indicator (Ri) input. If bit 4 of the MCR is set 
to a 4, this bit is equivalent tio OUT 1 in the 
MCR. 


Bit 3: This bit is the Delta Data Carrier Detect 
(DDCD) indicator. Bit 3 indicates that the DCD 
input to the chip has changed siate. 


Note: Whenever bit 0, 1, 2, or 3 is set to logic 1, a 


MODEM Status Interrupt is generated. Bit 7: This bit is the complement of the Data 


Carrier Detect (DCD) input. If bit 4 of the MCR 
is to a 4, this bit is equivalent to OUT 2 in the 


Bit 4: This bit is the complement of the Clear 
MCR. 


to Send (CTS) input. If bit 4 (loop) of the MCR 
is set to a 4, this bit is equivalent to RTS in the 


MCR, I. SCRATCHPAD REGISTER 


This 8-bit Read/Write Register does not con- 


Bit 5: This bit is the complement of the Data trol the UART in any way. It is intended as a 


Set Ready (DSR) input. If bit 4 of the MCR is scraichpad register to be used by the pro- 
grammer to hold data temporarily. 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER | SYM. RATING UNIT 
Supply Voltage “ED = = 


Input Voltage 


Operating Temp. oe 
Storage Temp. nies 
Power Dissipation Pp 


D.C. CHARACTERISTICS 


(Vpp =5.0V +5%, Vgg=OV, Ta =0°C to 70°C) 


PARAMETER SYM. CONDITIONS Mu. | yp. {MAX} UNIT | 
P08 |v 


pw 


input Voltage Clock input 
aa 20. =| Yoo ¥ 


OS | 5 
fapul Voltage Other inputs 
2.0 EY 
0.4 


Output Voltage loL=1.6MA on all output 
loH= -1.0mA on all output re a ae el V 
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PARAMETER CONDITIONS 


Vpp =5.25V, Ta=25°C 

No load on output 
Average Power SIN, DSR, DCD, CTS, RI=2.4V 
Supply Current All other inputs = 0.4V 

(Vpp) Baud Rate Generator is 

4 MHz 
Baud Rate is 50k 
Input Leakage ‘| VDD=5.25V, Vss=0V 
All other pins floating 
Clock Leakage VIN =OV, 5.25V 


Vpp =5.25V, Vss=0V 
VouT=0V, 5.25V 
Tri-state Leakage 4) Chip deselected 
2) WRITE mode, 

chip selected 


MR Schmitt Vil MILMR 


CAPACITANCE 
(Ta =25°C, Vop =Vss =0V) 


UNIT 
fe=4MHz | — | 45 | 20 | oF 
Unmeasured pins | — 
C|_| returned to Vss pf 
o | oF 


A.C. CHARACTERISTICS 
(Vpp=5.0V +5%, Vsg=OV, Ta =0°C TO 70°C) 


CONDITIONS MIN. | MAX. | UNIT 
60 | — | ns 
60 | — | ns 
60 | — | ns 


= 


- ns 
Chip Select Hold Time 0 _ ns 
Chip Select Setup Time (fol een Oe ee Bio 


8 EERO NISL REE ATIC IEA AE RS eine 


ata 
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(Continued : 


PARAMETER CONDITIONS MIN. |MAX.| UNIT 
Chip Select Output Delay @100pF loading = 
from Select Tesc (Note 1) 400 ne 
50 _ ns 


RD, RD Delay from Chip Select TCsR (Note 4) 


WR, WR Delay from Select Tcsw (Note 4) 50 _ ns 
Data Hold Time TDH 40 _ ns 
Data Setup Time Tps 40 _ L ns 
RD, RD to Floating Data Delay THZ @‘O0pF loading (Note 2) am 100 ns 
Master Reset Pulse Width TMR 5 | — | 42S 
Saf. = 5 es 

Address Hold Time from RD, RD TRA (Note 41) 20 _ ns 
Read Cycie Delay = TRC | 4175 _ ns 
Chip Select Hold Time 

from RD, RD Trcs (Note 4) 20 _ ns 

Gees a ee | (ee 
RD, RD Strobe Width Trp 425 | — ns 
RD, RD to Drive Disable Delay Trepp | @100pF loading (Note 2)| — OO ns 
ans 
Delay from RD, RD to Data TRVD @100pF loading — 425 ns 
—— a) arg 
Address Hold Time from WR, WR TWA (Note 1) | 20 esp 
Write Cycle Delay Two 200 | =, YAS 
Chip Select Hold Time from, 
WR, WR Twos (Note 1) 20 u | ns 
WR, WR Strobe Width TWR ae SS] AS | 
Duration of Clock High Pulse | Txy External Clock 140 | — | ns 
Duration of Clock Low Pulse TXL (3.1 MHz Max.) 440. | _ ns 
——— | ae aa 0 1 
Read Cycle=Tarpt+Ipp+Irc RC 360 ae eS 
face 
Write Cycle=Taw+TwrtIwo | wo | | | 360 | — | ns 
Baud Generator 
Baud Divisor 
400 pF Load 

Baud O/P Negative Edge Delay 400 pF Load - 
Baud Output Upt Time 
Baud Output Down Time 
Receiver 
Delay from RD, RD (RD RBR or 
RD LSR) to Reset Interrupt 
Delay from RCLK to Sampie Time 
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PARAMETER 
Delay from Stop to Set Interrupt 


Transmitter 

Delay from WR, WR (WR THR) 
to Reset Interrupt 

Delay from RD, RD (RD IR) 


CONDITIONS MIN. | MAX. 


RCLK 
Cycles 
(Note2)} 


THR A00pF Load — | 193 


to Reset Interrupt (THRE) MR iQOpE teas Pel ere, 
Delay from Initial Write INTR 
Reset to Transmit Start Tirs ? 
Delay from Initial Write to Ts) 9 16 
Interrupt : 
Delay from Stop to Interrupt 8 8 
(THRE) 
Modem Control B.C.=BAUDOUT Cycles 
Delay from WR, WR (WR MCR) 

FL _ 2 
fo Output TMDO A00pF Load 00 
Delay to Reset Interrupt from = 2 
RD, RD (RD MSR) TRIM {00pF Load 50 
Delay to Set Interrupt from a 
MODEM Input TSIM 400pF Load 250 


Notes: 


4. Applicable only when ADS is tied low. 
2. Charge and dischange time is determined by VoL, Voy and the external loading. 


TIMING WAVEFORM 
(All timings are referenced to valid 0 and valid 4) 
External Clock Input (3.4 MHz Max.} 


ns 


B.C, 


B.C. 


B.C. 


ns 


ns 


ns 
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AC TEST POINTS 


a oe ee ee ee ee ee eS ee 


2.4V 
2.0V 
(Note 4) (Note 2) 
0.8V 
0.4V 


a | 


Notes: 
4. The 2.4V and 0.4V levels are fhe voltages thai the inputs are driven to during AC testing. 
2. The 2.0V and 0.8V levels are the voliages at which the timing tests are made. 


BAUDOUT TIMING 


=I A oso 


TBHD >} 
ones he THW 


(+4) 


+> IaH 4 TLw 
>| isip pal 


(+2) 
>| Tew THw 
| be Tatp +] /e- TaD jeter TLW —o 


BAUD OUT | | | | | | | 
(+3) 


Saas N-2) XIN CYCLES 
>| K Taip | | TBHD | Oe 


BAUD Out cn ee 
(=N, N>3) 


>] TLw= 2 XOUT CYCLES 


Da eo 


LAS 
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WRITE CYCLE 


ADS ee a \ / 


T TAH 
Gaet — 
A2, At, AO 


| beTose|—|Tou 


Basar 


| OR 


RB RD | X ACTIVE 


| Tps Lele 


DO~D7 VALID DATA 


* Applicable Only When ADS Is Tied Low. 
READ CYCLE 


Tesr*——>| 


TRA* 


VALID DATA 


* Applicable Only When ADS is tied Low. 


RANTLE SNA CAAA ERE NL LE LSE IIE ANG LATE ELE BOCES ER OEE IE ARELEAD ES IE BELA HL LAD LEE LE ELLE LEDS ELSE BELE LAB RBEEEE 
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RECEIVER TIMING 


seu ee 


-_-————C Lks +k Tsp 
SAMPLE CLK 


SIN 


(RECEIVER START /p ATA BITS(5-8 STOP 
INPUT \S*1 bata ( y (PARITY ) 
DATA) 
SAMPLE CLK Hehe deat fe da 
=e} pe ISINT 
INTERRUPT (DATA READY OR / a ae 


RCVR ERR) 
TRINT E+ 
ER OR ROS) (NOTE) ATIVE 
BUFFER OR RDLSR) (NOTE 2) 


TRANSMITTER TIMING 


SERIAL 


START 
OUT (SOUT) DATA (5:8) X PARITY Y STOP START 
: (4-2) 


nO 


(NOTE 2) 


-23- 


Notes: 


4. See Write Cycie Timing 


2. See Read Cycle Timine 


TYPICAL APPLICATION 


MEMR or iOR 


MEMWor IOW]__ 
INTR 


RESET _ 


TO RS-232 
INTERFACE 


W86C4509 


CS1 BAUDOUT 
CSO RCLK 
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TYPICAL INTERFACE FOR HIGH-CAPACITY DATA BUS 
aa - + 5 


RECEIVER 
DISABLE 


(UART) 


MICROCOMPUTER 
SYSTEM 


D7-D0 


8-BIT 
BUS TRANSCEIVER 


DRIVER 
DISABLE 


ae 


TYPICAL SUPPLY CURRENT VS TEMPERATURE, NORMALIZED 


1.0 


0.5 
0 +25 +50 +75 


SUPPLY CURRENT 


ALTERNATE 


XTAL CONTROL 


Vv 
DO 
DS2 it 

stp DP8212 


. DO0-7 | pata 
010-7 19 BEF 


42 RS-232 
rr Det aBg CONNECTOR 
ce SEIN ea 
| 8 | 
DP74038 
Reco 
=a 
a 
35 
fae! 
49 
14 


V Gnd © +S5V 
= (Vss) (pp) 


NdD 8808 UO OF NSPDIEM BD JO SUOI}OSUUOD DISDG Bu} sMoUs |DOICGAL 


NOILVOMddV IVOIdAL 


puoquitl 5 
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ALTERNATE 
XTAL CONTROL 


\ 
Yoo Yop 1) 
DP8212 DS2 49 
C ADDR DATA D10- seq | DATA 47 i} 
| i OOO es Se 
| +4 1!4 CONNECTOR 


0S1488 


N 
Oo 


DP74038 


= ; 4:4 DS1489 
0 4 
39 33 od 

25 27 

24 26 

28 $4, 42°23. 32. 34 

NC }——> +. 
46 
22 44 
Vv GND © 45v 
= Mss) = (Yop) 


puoquiii *) 


(Penuived) NOILVOMIddV TVOIdAL 


Add 8808 UD Of OSPOOEM D JO SUO!JOQUUOD ZISDg au} sMOUS |DDIGAL 
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